INTRODUCTION
Evolution in societies of agents is a challenging phenomenon, both from a fundamental perspective and from an applied perspective. In the literature often genetic programming approaches are used and relatively simple agents are considered. Such agents have no deliberate influence on the direction of the process of evolution. This results in agents that have limited autonomy viewed on a time scale covering several generations: the agents are passive with respect to the evolution process, evolution just happens. From a historical biological perspective all species have always been subject to nonautonomous evolution (maybe with the exception of influence by selective breeding strategies). Nowadays the acquistion of knowledge on the relation between DNA structures and properties of individuals, and techniques to manipulate DNA structures opens the perspective of deliberately influencing the direction of evolution, at least partially.
This perspective introduces serious, unresolved ethical dilemmas when applied to the natural society.
Artifical societies of agents make it possible to experiment with deliberate evolution processes without these ethical dilemmas. Moreover, interesting application areas have emerged: applications related to the Internet, such as Electronic Commerce can highly benefit if societies of agents can evolve automatically, and if within such an evolution process the agents can deliberatively influence the direction of the evolution. decisions on the structure of an agent to be created or modified, in relation to required or desired properties: generating the intended creation or modification action decisions to actually create or modify an agent according to the structure that was determined in step 2.: performing the intended creation or modification action A model for effectuation of agent creation or modification in the material world 1. execution of a creation or modification action that is performed by the agent 2. updating the world state to incorporate the (intended) effects of an executed creation or modification action
A MODEL FOR DELIBERATION
A model for deliberation of the designing and creating agent has been designed based on: an explicit formal representation at a conceptual level of required or desired (behavioural) properties of agents to be created or modified (supporting Al. in the introduction) an explicit formal representation at a conceptual level of structures of an agent to be created or modified (supporting A2.) knowledge to derive refinements of the required or desired properties that are sufficiently specific to be related to specific structures (supporting Al.) knowledge to relate specific properties to specific structures of an agent to be created or modified (supporting A2.) knowledge to make decisions on when to perform creation or modification actions (supporting A3.)
A sketch of the pattern of deliberation is as follows:
The agent generates an intended goal to achieve a new or modified agent with particular desired or required properties (for example, by adopting this goal from another agent). On the basis of the intended goal, the agent determines refined properties for the new or modified agent, and generates more specific intended goals referring to the specific refined properties. On the basis of the specific intended goals the agent determines a structure such that an agent with this structure would satisfy the specific properties to which the specific intended goals refer. On the basis of this structure the agent generates an intended action: the action to create an agent with the structure as determined.
This deliberation pattern has been modelled in more detail by the generic model for design introduced in [4] . This design model is applicable in this situation as intended goals and their related properties may be viewed as requirements and the structure (e.g., of an agent) is the description of the object of design.
The agent architecture has been designed as a composition of an existing generic agent model (cf. [2] ) and the generic model for design. Moreover, the resulting model has been instantiated with ontologies and knowledge on the domain of agents.
The compositional generic model of design (cf.
[4]) provides a generic structure which can be refined for specific design tasks in different domains of application. An initial design problem statement is expressed as a set of initial requirements and requirement qualifications. Requirements impose conditions and restrictions on the structure, functionality and behaviour of the design object for which a structural description is to be generated during design. At any one point in time during design, the design process focuses on a specific subset of the set of requirements. This subset of requirements plays a central role; the design process is (temporarily) committed to the current requirement qualification set: the aim of generating a design object description is to satisfy these requirements.
The generic model of design used in the agent can, in principle, be used for any domain of application. It was applied to the domain of compositional agent design. A formal ontology of properties of agents (requirements) has been developed. Knowledge has been identified that can be used to reason about these properties, to derive more specific properties by refining the original properties. These more specific properties play a crucial role in the design process: they guide the direction in which solutions are sought. Moreover, a specific formal ontology for the structure of agents (design object description) has been defined. The deliberation process employs this knowledge and these ontologies to arrive at a creation or modification action on the basis of the intended goal.
Requirements are formulated in terms of abilities and properties of agents. Abilities and properties can be assigned to individual agents, an individual agent in relation to the agents and the material world with which it interacts, and a multi-agent system as a whole. Top-level requirements are refined into more specific requirements during a design process. The result is the construction of a specific hierarchy of requirements, which adheres to the requirements ontology and refinement knowledge.
The implication of designing (parts of) a multi-agent system, is that a multi-agent system is the object of design, and as such its structure should be formally represented in a design object description. The design object structure is assumed to be compositional. The assumption underlying this decision is that a compositional structure facilitates the process of design. The compositional formal specification language underlying DESIRE (cf. [2] for the underlying principles and [l] for a case study) forms an adequate basis for such a design object description representation.
A MODEL FOR AGENT CREATION
After the deliberation on the agent creation process has been completed, and the agent has decided to effectuate the modifications, the following steps take place.
Following the mind-matter approach introduced in [S] effectuation of the modification of the design can be modelled by changing the material representation of the multi-agent system within the material world. In the design of the model for effectuation the following aspects have been considered: the agent executes intended creation or modification actions in the material world (supporting Bl. in the introduction) the material world includes an implemented mechanism such that upon performance of a creation or modification action, it updates the world state on the basis of the structural information conveyed in the action, thus actually creating or modifying (while the multi-agent system is running) the new or existing agent and its programme code (supporting B2. in the introduction) the new or modified agents fully participate within the running multi-agent system from the moment of being created or modified by the material manipulations (supporting B2. in the introduction) 
